The energies of the 44 even-parity and 40 odd-parity ͑4l4lЈ͒ states of ions of the zinc isoelectronic sequence are determined through second order in relativistic many-body perturbation theory. Our calculations start from a Ni-like V ͑N−2͒ Dirac-Fock potential. Two alternative treatments of the Breit interaction are investigated. In the first approach, we omit Breit contributions to the Dirac-Fock potential and evaluate Coulomb and BreitCoulomb corrections through second order perturbatively. This approach was used previously to evaluate the energies of Be-, B-, Mg-, and Yb-like systems. In the second approach, we include both Coulomb and Breit contributions to the Breit-Dirac-Fock potential and then treat the residual Breit and Coulomb interactions perturbatively. The results obtained from the two approaches are compared and discussed. Theoretical excitation energies are compared with critically evaluated experimental data and with results from other recent calculations. Trends of excitation energies including splitting of triplet terms as functions of nuclear charge Z = 34-100 are illustrated graphically for some states. The resulting Z dependence shows explicitly the effect of mixing of ͓4p 2 +4s4d͔, ͓4d 2 +4p4f͔, and ͓4p4d +4s4f͔ configurations.
I. INTRODUCTION
Multiconfiguration Dirac-Fock ͑MCDF͒ calculations for the lowest excited states in the Zn-like sequence were recently presented by Liu et al. in Ref. ͓1͔ . A project to apply relativistic many-body perturbation theory ͑RMBPT͒ to twovalence-electron systems was started about ten years ago, and Be-, Mg-, Ca-, and Yb-like ions have been investigated by this method in Refs. ͓2-5͔. Generally, RMBPT calculations based on a Dirac-Fock basis set and first-order RMBPT give results of comparable accuracy to those obtained from MCDF codes, while the second-order RMBPT used in the above-mentioned papers gives results beyond the MCDF approach. In the present paper, we use the RMBPT technique to evaluate the energies of the 4l4lЈ states of Zn-like ions.
The 4s 2 1 S 0 −4s4p 1 P 1 transitions of ten Zn-like ions from Ba 26+ to W 44+ , observed by means of a laser-produced plasma and a 2.2-m grazing-incidence spectrograph, were presented by Reader and Luther ͓6͔. Some years later the 4s 2 1 S 0 −4s4p 1 P 1 transitions of 29 Zn-like ions from Ru
14+
to Dy 36+ , observed in a laser-produced plasma and a 10.7-m grazing-incidence spectrograph, were reported by Acquista and Reader ͓7͔. Spectra of very highly charged ions of Au 49+ , Pb 52+ , Bi 53+ , Th 60+ , and U 62+ were observed in laserproduced plasmas generated by the OMEGA laser by Seely et al. ͓8͔ . The agreement between the measured transition energies and the transition energies calculated within the MCDF approximation ͑Grant code͒ was observed to improve with increasing Z ͓8͔. The intercombination lines of the zinc sequence corresponding to the transition 4s 2 1 S 0 −4s4p 3 P 1 , observed for Xe 24+ , La 27+ , Nd 30+ , Eu 33+ , Gd 34+ , and Yb 40+ in the Princeton Large Torus tokamak discharge, were presented by Hinnov et al. ͓9͔ . Spectra of the Zn-like ions Rb VIII-Mo XIII were excited with sparks and laser-produced plasmas by Litzen and Reader in Ref. ͓10͔. The observed energy levels of the 4s 2 , 4s4p, 4p 2 , 4s4d, 4s5s, 4s5p, 4s5d, and 4p5s configurations were interpreted by means of leastsquares parameter fits and Hartree-Fock calculations. An identification of n =4, ⌬n = 0 transitions in the spectra of zinc-like ions from Z =37 ͑Rb 9+ ͒ to Z =50 ͑Sn 22+ ͒ was reported by Churilov et al. in Ref. ͓11͔ . The spectra were excited in a laser-produced plasma. The transition arrays ͑4s 2 +4p 2 +4s4d͒ −4s4p were identified with the help of the ab initio relativistic parametric potential method and the SlaterCondon method with generalized least-squares fits of energy parameters. Analysis of the spectrum of the Zn-like Kr 6+ ion for highly excited 4p4d and 4p5s configurations was reported by Churilov in Ref. ͓12͔ . The spectrum of the Zn-like Kr 6+ ion, excited in a capillary discharge and recorded with a high-resolution spectrometer, was also studied. The ͑4p 2 +4s4d͒-4p4d and ͑4p 2 +4s5s͒-4p5s transitions were identified in Ref. ͓12͔ for the first time. The results of the analysis performed were confirmed by semiempirical calculations in terms of the Hartree-Fock method.
New measurements of the Zn-like resonance lines 4s 2 1 S 0 −4s4p 1, 3 Utter et al. in Ref. ͓16͔ . The experimental results were compared to those from laser-produced plasmas and to theory, and significant differences were found ͓16͔. The 4s 2 1 S 0 −4s4p 1 P 1 resonance lines of Zn-like ions of Os 46+ , Bi 83+ , Th 60+ , and U 62+ were also observed in an electronbeam ion trap and their wavelengths measured using a highresolution flat-field spectrometer by Träbert et al. ͓17͔ . The spectral resolution in Ref. ͓17͔ was 3-6 times better than earlier measurements; however, substantial disagreement was found with theoretical predictions. , and U 62+ . The Coulomb, Breit, and quantum electrodynamic ͑QED͒ corrections to 4p-4d transitions were tabulated for selected ions in the range Z = 50-92. The agreement found between theory and experiment was good enough to show the importance of QED corrections in the spectra of these highly stripped ions ͓19͔.
The atomic structure of the low-energy configurations of the Zn-like ions Rb 7+ to W 44+ was analyzed in detail by Biémont in Ref. ͓20͔ . A MCDF technique was used to investigate the level crossings and compositions in the n = 4 configurations. Level energies, wavelengths, transitions probabilities, and oscillator strengths were tabulated for Ag 17+ to W 44+ ͓20͔. Calculated and experimentally determined transition energies were presented for the Zn isoelectronic sequence for the elements with atomic numbers Z = 50-92 by Brown et al. in Ref. ͓21͔ . The excitation energies were calculated for the 84 levels belonging to the 10 configurations of the type 4l4lЈ by using the Hebrew University Lawrence Livermore Atomic Code ͑HULLAC͒. The differences between the calculated and experimental transition energies were determined for 16 transitions, and the excitation energies of the levels belonging to the 4s4p, 4p 2 , 4s4d, and 4s4f configurations were derived from the semiempirically corrected transition energies ͓21͔.
Chou et al. ͓22͔ presented the 4s 2 1 S 0 −4s4p 1,3 P 1 excitation energies in Zn-like ions, calculated by using the multiconfiguration relativistic random-phase approximation including excitation channels from core electrons. The disagreement between theory and experiment was reduced, but discrepancies remained.
High-accuracy calculations of term energies and wavelengths of resonance lines in Zn-like ions were performed by Vilkas and Ishikawa in Ref. ͓23͔ using relativistic multireference Møller-Plesset ͑MR-MP͒ perturbation theory.
In this paper, RMBPT through second order is used to calculate energies of the 4s 2 , 4p 2 , 4d 2 , 4f 2 , 4s4d, and 4p4f even-parity states and the 4s4p, 4s4f, 4p4d, and 4d4f oddparity states of ions of the zinc isoelectronic sequence for a wide range of nuclear charges, Z = 30-100. Two alternative treatments of the Breit interaction are investigated. In the first approach, we omit Breit contributions to the Dirac-Fock potential and evaluate Coulomb and Breit-Coulomb corrections through second order perturbatively. This approach was used previously to evaluate energies of Be-, B-, Mg-, and Yb-like systems. In the second approach, we include both Coulomb and Breit contributions in the Breit-Dirac-Fock potential and then treat the residual Breit and Coulomb interactions perturbatively. QED corrections are inferred by a combination of phenomenological and ab initio methods.
II. THEORETICAL TECHNIQUE
The RMBPT formalism developed previously ͓2-5͔ for Be-, Mg-, Ca-, and Yb-like ions is used here to obtain second-order energies. Differences in the calculation procedure for Be-, Mg-, and Zn-like ions arise from the increased size of the model space ͑4l4lЈ instead of 3l3lЈ and 2l2lЈ for Mg-and Be-like 
͑2͒
. R 1 represents double sums over virtual intermediate states, R 2 represents single sums, R 3 gives RPA terms, and R 4 gives onepotential terms.
for Mg-and Be-like ions, respectively͒. These differences lead to much more laborious numerical calculations ͑84 states compared to 35 states in Mg-like ions and 10 in Belike ions͒.
For atoms with two electrons outside closed shells, the model space is formed from two-particle states of the type a v † a w † ͉0͘, where ͉0͘ is the ground-state determinant of the closed-shell core with N − 2 electrons. The single-particle indices v and w range over states in the valence shell. For our study of low-lying states of Zn-like ions, v and w are the 4s 1/2 , 4p 1/2 , 4p 3/2 , 4d 3/2 , 4d 5/2 , 4f 5/2 , and 4f 7/2 single-particle states.
The model space for the n = 4 complex in Zn-like ions has 44 even-parity states and 40 odd-parity states. These states are summarized in Table I , where both jj and LS designations are given. When starting calculations from relativistic Dirac-Fock wave functions, it is natural to use jj designations for uncoupled transition and energy matrix elements; however, neither jj nor LS coupling describes the physical states properly, except for the single-configuration state 4d 5/2 4f 7/2 ͑6͒ϵ4d4f 3 H 6 . The second-order effective Hamiltonian can be written
.
͑1͒
Analytical expressions for the second-order one-particle valence contribution E v ͑2͒ and two-particle correlation contribu-
were presented by Safronova et al. ͓2͔ . The second-order E v ͑2͒ term consists of four contributions, V 1 , V 2 , V 3 , and V 4 , represented in terms of Bruckner-Goldstone dia- Fig. 2 . R 1 represents double sums, R 2 represents single sums, R 3 gives random-phase-approximation ͑RPA͒ terms, and R 4 gives one-potential terms.
A. Example: Energy matrix for Xe

14+
In Tables II and III, we give details of the second-order contributions to the energies for the special case of Zn-like xenon, Z = 54. In Table II , we show the second-order contributions to the valence energy E v ͑2͒ . Contributions from the various diagrams in Fig. 1 are given in this table for the case of a DF potential ͑excluding Breit terms͒ and a perturbative treatment of the Breit interaction through first order. In this case, the one-potential operator, represented by a solid circle in Fig. 1 , contains contributions only from the Breit interaction ͓2͔. Thus, to first order in the Breit interaction, diagram V 4 does not contribute. However, one should note that when using non-DF orbitals, the Coulomb interaction also contributes to the one-potential operator. Table III gives the second-order interaction energy, shown in Fig. 2 , for the special case Z = 54. These diagrams contribute for systems with two ͑or more͒ electrons above a closed core. There are 84 diagonal and 580 nondiagonal matrix elements for ͑4l4lЈ͓͒J͔ states in jj coupling. We calculated contributions for the 664 matrix elements using DF orbitals. We illustrate our results by 17 even-parity matrix elements with J = 0 and 14 odd-parity matrix elements with J =1 in Table III . This table includes data of three diagrams from Coulomb-Coulomb operators and four diagrams from BreitCoulomb operators for the second-order two-particle energy,
. As can be seen from Table III , the largest contributions to the value of V v Ј w Ј vw
͑2͒
are from the double sums ͑dia-gram R 1 and R 3 representing the RPA contribution͒. The largest contribution among diagrams BR 1 -BR 4 describing the second-order Breit-Coulomb terms are the one-potential terms represented by the BR 4 diagram. It should be noted that the R 4 contributions vanish in the case of the CoulombCoulomb operator ͓2͔. As one can see from Table III , the ratio of off-diagonal and diagonal matrix elements is 0.1-0.5 for most cases. Note that the off-diagonal matrix elements are not symmetric; the values of the R ͑i͒ ͓vЈwЈ͑J͒ , vw͑J͔͒ and R ͑i͒ ͓vw͑J͒ , vЈwЈ͑J͔͒ matrix elements differ in some cases by a factor of 2-3 and occasionally have opposite signs.
The orbitals used in the present calculations were obtained as linear combinations of B-splines. These B-spline basis orbitals were determined using precisely the method described in Ref. ͓26͔ . We used 50 B-splines of order 9 for each single-particle angular momentum state, and we included all orbitals with orbital angular momentum l Յ 9 in our single-particle basis.
B. Z dependence of diagram contributions
In Fig. 3 Fig. 3͑b͔͒ . For each of the second-order matrix elements, the Z dependence of each contributing diagram is smooth. Moreover, the leading term in a power series in Z for the second-order Coulomb-Coulomb energy is a constant. We may write
The 1 / Z terms in Eq. ͑2͒ describe the deviation from constancy in the DF case which is obvious for Z Ͻ 40 from Fig.  3͑a͒ . The leading term in Z for the second-order BreitCoulomb contributions is ͑␣Z͒ 2 . The corresponding expansion in powers of Z is
The curves for E ͑2͒ shown in Fig. 3͑a͒ change by less than a factor of 2 over the range Z = 40-100. The same is true of B ͑2͒ , provided we divide out the factor ͑␣Z͒ 2 .
C. Diagonalization and QED effects
The matrix elements presented so far represent the second-order matrix elements of the effective model-space Hamiltonian, Eq. ͑1͒, before diagonalization within the model space. To determine the first-order energies of the states under consideration, we diagonalize the ͑symmetric͒ first-order effective Hamiltonian, including both the Coulomb and Breit interactions. The second-order Coulomb corrections were determined by solving the nonsymmetric eigenvalue equation
with the first-plus second-order effective Hamiltonian.
Terms of first and second order in the Coulomb interaction, and up to first-order in the Breit interaction, are included in H eff . The resulting eigenvectors are used to determine the second-order Breit correction and the QED correction. The difference between the energies obtained using the first-plus second-order Hamiltonian and those determined using only the first-order Hamiltonian give the second-order energies.
To determine QED corrections for Zn-like ions, one can in principle use a generalization of the ab initio screened QED method of Blundell ͓24͔ for Cu-like ions, which consist of a single valence electron outside a Ni-like core. In those calculations, the self-energy and vacuum polarization of the valence state were calculated in the sum of the nuclear potential and Hartree potential of the core, thus accounting nonperturbatively for the bulk of the screening effect of the core electrons. Further small screening contributions were then added perturbatively corresponding to the exchange ͑as opposed to direct͒ interaction between the valence electron and the core and to the relaxation of the core in the presence of the valence electron. A similar approach was presented recently for Cu-like ions by Chen et al. ͓25͔ in which the exchange potential was treated via a local-density Slater-type potential. Now, in setting up a QED calculation for Zn-like ions, just as in RMBPT, it is natural to start from a suitable V N−2 potential for the closed-shell Ni-like core. A subset of the QED perturbation terms for Zn-like ions are then identical to those discussed above that have already been calculated for the Cu-like ions, where the potential was also taken to be that of the Ni-like core. Treating these terms as an effective interaction within RMBPT, one finds that they all correspond to one-body operators, analogous to the RMBPT diagrams in Fig. 1 . Accordingly, they contribute terms of the form ␦ vv Ј ␦ ww Ј ͑␦⑀ v + ␦⑀ w ͒ to the diagonal of the effective Hamiltonian ͑1͒, where ␦⑀ v is the screened QED shift of a valence electron v for a Cu-like ion. The model-space Hamiltonian should then be rediagonalized. As mentioned above, we treat the QED perturbatively within the model space by using the eigenvectors determined by diagonalizing H eff through second order. A full treatment of QED in Zn-like ions will also bring in the screening effect of the two valence electrons on each other. These QED diagrams are similar to those describing the core relaxation in Ref. ͓24͔, but with the core electron replaced by the other valence electron. Treated as effective interactions within RMBPT, such diagrams correspond to two-body operators, analogous to the RMBPT diagrams in Fig. 2 , and contribute to both the diagonal and off-diagonal terms of the effective Hamiltonian. We have estimated these contributions, finding them to be small, at the 0.01 eV level for Z = 74. This is of the order of the experimental error, as well as at the expected level of further omitted QED effects ͑such as the frequency-dependent and negative-energy contributions of the RMBPT terms͒, and we omit them here. Note that the dominant effect of the two valence electrons in a Zn-like ion arises from the one-body QED terms, coupled with the fact that the physical states are now linear combinations of jj-coupled states, as discussed in the previous paragraph.
When ab initio QED calculations for Cu-like ions are available, we use them ͑in particular, for the 4s 2 1 S 0 −4s4p 1 P 1 transition͒. In other cases, the QED contributions can be determined approximately using the one-electron hydrogenic Lamb shift data given in Refs. ͓27-30͔ with Z → Z − 12 for 4lj states. To check the accuracy of this approach, in Table IV we compare our one-electron QED corrections thus calculated with the ab initio results of Blundell ͓24͔ and Chen et al. ͓25͔ for Cu-like ions. We can see that the disagreement between our phenomenological values for one-electron QED and results from Refs. ͓24,25͔ is about 2%.
The first-and second-order energies are shown graphically in Figs. 4 and 5 and listed in Table V. In Fig. 4 , we show the Z dependence of the second-order CoulombCoulomb contributions E ͑2͒ for five states. We can see from Fig. 4 Energies, relative to the ground state, of odd-and evenparity states with J =0-3, divided by ͑Z −21͒ 2 , are shown in Fig. 6 . It should be noted that Z was decreased by 21 to provide a better presentation of the energy plots. As in Table  V , we use both jj-and LS-coupling designations. We plot the limited number of energy levels to illustrate the change of mixing of levels belonging to different configurations with change of Z. We can observe such mixing for the levels of odd-parity complexes with J = 2 and J =3 ͑top panels of Fig.  6͒ and even-parity complexes with J =2 ͑left-bottom panel of Fig. 6͒ in the range Z = 65-68. The curve for the energy of the 4p4d 1 F 3 level almost crosses the curve for the 4s4f 3 F 3 level. The difference of energies between the two levels is equal to 8800 cm −1 at Z =68 ͑about 0.25% from the energy of these levels͒. We can see a similar behavior of the curves for the 4p4d 3 P 2 and 4s4f 3 F 2 levels and the 4p 2 1 D 2 and 4s4d 1 D 2 levels. It is known that the crossing of energy levels inside a complex with fixed J is forbidden by the Wigner and Neumann theorem ͑see, for example, Ref. ͓31͔͒. We can observe from the top-right panel of Fig. 6 that the curves describing the energy of the 4p4d 1 F 3 and 4s4f 3 F 3 levels do not cross at Z = 68 and that curve "3" stays above curve "2" for the entire range Z = 32-100. A similar behavior for the curves describing the energy of the 4p4d 3 P 2 and 4s4f 3 F 2 levels ͑top-left panel of Fig. 6͒ and of the 4p 2 1 D 2 and 4s4d 1 D 2 levels ͑bottom-left panel of Fig. 6͒ may also be observed. Additionally, it should be noted that the curves describing the energy of the 4p4f 3 D 3 and 4d 2 3 F 3 levels ͑bottom-right panel of Fig. 6͒ are almost coincident with one another. The difference in energies between the two levels is about 1% for entire Z interval.
It should be noted that the LS designations were chosen based upon small values of the multiplet splitting for low-Z be very helpful in verifying the correctness of these sometimes sensitive mixing parameters.
III. BREIT INTERACTION
The first-order Breit and second-order Breit-Coulomb contributions B ͑1͒ and B ͑2͒ discussed above are obtained from the E ͑1͒ and E ͑2͒ Coulomb expressions by changing g ijkl → g ijkl + b ijkl and keeping only terms that are linear in b ijkl . Here g ijkl is the Coulomb matrix element. The term b ijkl is a two-particle matrix element of the Breit interaction ͓32͔
where ␣ 1 is a Dirac matrix, r 12 = r 12 / r 12 , and ␣ is the fine structure constant. In this perturbative treatment of the Breit interaction, we omit Breit contributions to the Dirac-Fock potential and evaluate Coulomb and Breit-Coulomb corrections through second order. This is the approach that was used in the previous section. In an alternative approach, to be considered in this section, we include both Coulomb and Breit contributions to the Dirac-Fock potential ͑giving the Breit-DiracFock potential͒ and then treat the residual Breit and Coulomb interactions perturbatively. The details of such a treatment were discussed recently by Derevianko ͓33͔, Kreuter et al. ͓34͔, and Dzuba et al. ͓35͔. Similar to the Coulomb interaction 1 / r 12 , inclusion of the Breit interaction B creates a self-consistent Breit-Dirac-Fock ͑BDF͒ potential. This requires developing a new code for the DF functions: Breit-Dirac-Hartree-Fock ͑BDHF͒ to replace our Dirac-Hartree-Fock ͑DFH͒ code. The difference in the DF one-electron energies ⌬E͑nl͒ calculated by the DHF and BDHF codes as functions of nuclear charge Z is illustrated in Fig. 9 . The difference between E DF ͑nl͒ calculated by the two codes is positive for the 4s 1/2 , 4p j , and 4d j states for the entire Z interval; however, it becomes negative for the 4f j states for low-Z ions. The changes of sign in ⌬E͑4f j ͒ lead to the sharp feature on the curves describing the Z dependence of ⌬E͑4f j ͒ values seen in Fig. 9 . The values of ⌬E͑4f j ͒ increase with Z as ͑Z − c͒ 3 with the screening correction c = 21.
To calculate the correction to the energy matrix elements arising from the Breit interaction, we modified the generation of the B-spline basis set to intrinsically include the Breit interaction on the same footing as the Coulomb interaction. Once this is done, the one-potential operator, represented in Figs. 1 and 2 by a solid analogous to the way that in nonrelativistic MBPT the corresponding one-potential operator vanishes when expanding perturbatively around the HF potential. Thus, the contributions BV 3 and BR 4 now vanish identically. Otherwise, the remaining contributions given in Tables II and III do not change very much; the difference in new values is about 0.01%-0.1%. Additionally, we need to remove the onepotential valence contribution from a first-order Breit correction, since that contribution was already incorporated in new DF energies. In Fig. 10 , we illustrate the difference in the first-order Breit term B ͑1͒ and second-order Breit-Coulomb term B
͑2͒
calculated by using the DF and BDF potentials as functions of nuclear charge Z. It should be noted that the values of those differences for the first-order Breit contribution ⌬B ͑1͒ ͑4l4lЈ 1,3 L J ͒ are positive for the entire interval of Z. However, the values of the differences for the second-order Breit-Coulomb contribution ⌬B ͑2͒ ͑4l4lЈ 1,3 L J ͒ are negative. We can see from Fig. 10 that the values of ⌬B ͑1͒ ͑4l4lЈ 1,3 L J ͒ and ⌬B ͑2͒ ͑4l4lЈ 1,3 L J ͒ increase by three to four orders of magnitude when Z increases from Z =30 up to Z = 100. Such a sharp increase is similar to the increase of the difference in one-electron eigenvalues ⌬E͑nl͒ for the DF and BDF potentials. We already mentioned that the values ⌬E͑4l͒ and ⌬B ͑1͒ ͑4l4lЈ 1,3 L J ͒ have a different sign and partly compensate each other. The ⌬B ͑2͒ ͑4l4lЈ 1,3 L J ͒ values are smaller than the ⌬B ͑1͒ ͑4l4lЈ 1,3 L J ͒ values by a factor of 10. Now let us compare the two versions of RMBPT, based on the DF and BDF potential, respectively. As can be seen from Inasmuch as the one-body part of the Breit interaction, which as mentioned earlier dominates the second-order Coulomb-Breit energy, is included to all orders in the BDF wave function, we expect an RMBPT approach based on the BDF potential to be somewhat more accurate than one based on the DF potential. Indeed, our expectation is confirmed by the energy comparisons in Table VII . It should be noted that frequency-dependent corrections to the Breit interaction, which will lead to further small modifications of the theoretical energies, are omitted in the present calculations.
IV. COMPARISON OF RESULTS WITH OTHER THEORIES AND EXPERIMENTS
In 2 LSJ states ͑see the curves describing the energy of the 4p4f 3 D 3 and 4d 2 3 F 3 levels shown on bottom-right panel of Fig. 6͒ . The strong mixing between the 4d 3/2 4d 5/2 ͑2͒ and 4d 5/2 4d 5/2 ͑2͒ states leads to interchanges between those states as Z varies ͑compare the fourth and fifth lines from the bottom of Table X͒ . We can see from this table that the difference ␦E = E tot − E theo is about 100-1000 cm −1 for most cases; however, there are some discrepancies that we cannot explain. The value E = 2 674 915 cm −1 in the column with heading Z = 70 appears twice in Table II of Ref. ͓23͔. This value differs from our RMBPT values for the energy of the 4p 3/2 4p 3/2 ͑2͒ level by 978 cm −1 ; however, the ␦E for the 4s 1/2 4d 5/2 ͑2͒ level is equal to 145 238 cm −1 . We think this was a misprint in Ref. ͓23͔, and we do not include this number in the column headed "␦E" in Table X . Similar problems were found for the 4p 3/2 4f 7/2 ͑3͒ level with Z =76 ͑we do not include this in Table X͒ .
V. CONCLUSION
We have presented a systematic second-order relativistic RMBPT study of excitation energies in Zn-like ions with nuclear charges Z = 30-100. Two alternative treatments of the Breit interaction are investigated. In the first version, we omit Breit contributions to the Dirac-Fock potential and evaluate Coulomb and Breit-Coulomb corrections through second order perturbatively. In the second version, we include both Coulomb and Breit contributions to the DiracFock potential and then treat the residual Breit and Coulomb interactions perturbatively. Results obtained from the two versions are compared and discussed. Good agreement of 
